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PREFACE

The data presented herein were compiled by the Amold Engineering Development
Center (AEDC), Air Force Systems Command (AFSC), under the sponsorship of the Air
Force Armament Laboratory (AFATL), Eglin Air Force Base, Florida. Seven different
tests were conducted by three organizations: ARO, Inc. (a subsidiary of Sverdrup & Parcel
and Associates, Inc.), contract operator of the AEDC, AFSC, Arnold Air Force Station,
Tennessee; Naval Ship Research and Development Center (NSRDC), Bethesda, Maryland;
and Langley Research Center (LRC), National Aeronautics and Space Administration
(NASA), Langley Air Force Base, Virginia. The data were compiled under ARO Project
No. P34A-37A. The author of this report was G. R. Gomillion, ARO, Inc. The manuscript
(ARO Control No. ARO-PWT-TR-75-88) was submitted for publication on June 20, 1975.
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1.0 INTRODUCTION

In order to give wider dissemination to the aerodynamic data obtained for the Martin
Generalized Research Model at the Amold Engineering Development Center (AEDC),
Aerodynamic Wind Tunnel (4T); the NASA Langley Research Center (LRC), Unitary Plan
Wind Tunnel (UPWT); and the Naval Ship Research and Development Center (NSRDC),
7 x 10 Foot Transonic Wind Tunnel (7 x 10), for seven tests during the period March
1968 through March 1973; the Air Force Armament Laboratory (AFATL), Eglin Air Force
Base, Florida, requested that AEDC collect, correlate, and publish the data in a consistent
format. The basic purpose of this report is to document and catalog all of the valid data
obtained on the research model during these tests. For the seven tests, the test facilities
and dates are as follows:

Test Number Facility Date
1 AEDCAT December 1970
2 AEDCAT May 1972
3 LRC-UPWT March 1968
4 LRC-UPWT April 1970
5 LRC-UPWT July 1971
6 NSRDC-7X10 October 1968
7 NSRDC-7X10 March 1973

The purpose for testing the Martin Generalized Research Model was to provide data
to improve missile aerodynamic methodology and fin design capability. In pursuing the
purpose of the testing, the effects of body shape, wing size, wing location, and tail fin
planform were investigated. In addition, tail fin loads were measured for various fin
deflections with the fins mounted on missile configurations and on a reflection plane.
Other studies on the research model included the effects of Reynolds number and of
fixing transition. The results of several of the investigations are discussed in Ref. 1 (Test
No. 1), Ref. 2 (Test No. 2), Ref. 3 (Test No. 6), and Ref. 4 (Test No. 1), and in addition
some of the data presented in this report were included in Ref. 5.

The compiled data in this report are documented with a large portion of the data
in plotted form and all the data in tabulated form. Additionally, it should be noted that
not all the data obtained on the research model for the seven tests between March 1968
and March 1973 are presented. The data not presented were, for various reasons, believed
to be invalid.

Static stability and fin loads data are presented for a Mach number range from 0.20
to 4.63 over an angle-of-attack range from -6 to 60 deg and a sideslip angle range from
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-20 to 20 deg for body, body-wing, body-tail, and body-wing-tail configurations. Additional
tail fin loads data from the reflection-plane tests are presented for a Mach number range
from 0.80 to 2.16 and an angle-of-attack range from 0 to 210 deg.

2.0 APPARATUS
2.1 TEST FACILITIES

2.1.1 Arnold Engineering Development Center (AEDC),
Aerodynamic Wind Tunnel (4T)

The AEDCH4T tunnel is a closed-loop, continuous flow, variable-density tunnel in
which the Mach number can be varied from 0.1 to 1.3. Also, nozzle blocks can be installed
to give nominal Mach numbers of 1.6 and 2.0. At all Mach numbers, the stagnation pressure
can be varied from 2 to 26 psia. The test section is 4 ft square and 12.5 ft long with
perforated, variable porosity (0.5- to 10-percent open) walls. It is completely enclosed
in a plenum chamber from which the air can be evacuated, allowing part of the tunnel
airflow to be removed through the perforated walls of the test section.

The model support system consists of a pitch sector, boom, and sting which provide
a pitch capability from -11 to 28 deg with respect to the tunnel centerline. The center
of rotation is at station 108. In addition, a remote-controlled roll mechanism allows roll
angle variations of *180 deg. A schematic of the test section showing the location of
the test model for test No. 1 is shown in Fig. 1. Photographs of the model installation
for tests No. 1 and 2 are shown in Fig. 2. A more thorough description of the tunnel
may be found in Ref. 6. |

2.1.2 Langley Research Center (LRC), Unitary Plan Wind Tunnel {(UPWT)

The Unitary Plan Wind Tunnel is a closed-circuit, continuous flow, variable-density,
asymmetric sliding-block-type tunnel consisting of two test sections. In one of the test
sections the Mach number can be varied from 1.47 to 2.86 and the stagnation pressure
can be varied from 3 to 51 psia, whereas for the other test section the Mach number
can be varied from 2.29 to 4.63 and the stagnation pressure can be varied from 3 to
142 psia. Each test section is 4 ft square and 7 ft long.

The model support system consists of a pitch sector, boom, and sting which provide
a pitch capability from -20 to 20 deg with respect to the tunnel centerline. The center
of rotation is located in the test section and may be adjusted over a limited longitudinal
range. A more thorough description of the tunnel may be found in Refs. 7, 8, and 9.

10
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2.1.3 Naval Ship Research and Development Center (NSRDC),
7 by 10 Foot Transonic Wind Tunnel (7 x 10)

The NSRDC 7 by 10 Foot Transonic Wind Tunnel is a closed-loop, continuous flow,
variable-density tunnel in which the Mach number can be varied from 0.40 to 1.17. The
tunnel stagnation pressure can be varied with Mach number and the variation depends
on Mach number. The tunnel stagnation pressure range is 4 to 26 psia. The test section
is rectangular and measures 7 ft in height. 10 ft in width, and 19 ft in length. The test
section is enclosed in a pressure-tight chamber. The floor and ceiling of the test section
are slotted and have diffuser flaps at the end of each slot to control flow entry and
Mach number.

The model support system consists of a pitch-sideslip sector, boom, and sting which
provide remote-control capability in pitch, sideslip, and roll of from -4 to 29 deg, -25
to 25 deg, and -180 to 180 deg, respectively. A more thorough description of the tunnel
may be found in Refs. 10, 11, and 12.

2.2 TEST ARTICLES

The test articles, which were furnished by the Martin Marietta Corporation, consisted
of five body configurations, three wing configurations, and 15 tail fin configurations.
Dimensional sketches in Figs. 3 and 4 show the body and wing configurations, respectively.
Photographs of the tail fins are shown in Fig. 5 and tail fin dimensions are shown in
Fig. 6. Both wings and tail fins were modified double-wedge airfoils, with leading- and
trailing-edge semivertex angles of 4 deg. and slightly rounded (0.015-in. radius) edges. All
model dimensions shown in the sketches and used in the data reduction were obtained
from the original model drawings; however, when the dimensions of the tail fins were
measured, they were. in several cases, different from the drawings. The measured tail fin
dimensions are presented in Table 1 for all fins of each tail fin configuration.

For the wing-body configurations, the wings were mounted in the horizontal plane
of symmetry with the length, L, defining the axial distance between the model nose and
the intersection of the wing leading edge with the body. The tail fins were mounted on
the missile body with the four fins in a "plus," cruciform pattern. The tail fins were
positioned such that the trailing edge of each fin was in the plane of the model base.
The fins could be manually adjusted for deflection angles of 0, £10, £20, and +30 deg.

The tail fins were tested singly mounted on a splitter plate using the reflection plane
technique. Sketches and a photograph are presented in Figs. 7 and 8 showing the splitter
plate tunnel installation for test No. 2. For test No. 2, the splitter plate included a drive
mechanism, shown in Fig. 9, which allowed the fin angle to be changed remotely. This

11
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assembly contained a provision for indicating discrete fin angles of 0, 15, 30, 60, 90,
120, 150, and 180 deg. For each discrete fin angle set, the pitch sector angle was varied
to obtain the desired angle of attack.

23 INSTRUMENTATION

Aerodynamic loads on the complete model were measured with main, six-component,
internal, strain-gage balances. In most instances when six-component balance data were
obtained, there were four additional three-component, internal, strain-gage balances
mounted in the rear section of the model body and used to measure the aerodynamic
loads on each tail fin. During the test with the reflection plane, a three-component,
strain-gage balance was used to obtain tail fin loads data. For all six-component balance
tests one or more base pressures and/or cavity pressures were measured.

3.0 PRESENTATION OF RESULTS
3.1 GENERAL

All main balance data presented have been reduced to coefficient form in the
nonrolling axis system. An exception is test No. 6 data which were reduced to coefficient
form in the body axis system. When the tail fins are mounted on the missile body, the
tail fin data are in an axis system parallel to the missile body axis system; hence, the
tail fin normal-force coefficient is based on the force normal to the chordwise plane of
the undeflected tail fin, whereas the root bending- and hinge-moment coefficients are
referenced to the undeflected tail root chord and hinge lines, respectively. When the tail
fin is mounted on the reflection plane, the tail fin data are in the body axis system.
All data are correlated into a consistent format with the positive directions of coefficients
as shown in Fig. 10. The positive tail fin deflection angles are defined as follows with
respect to the unrolled model: tail fins No. 2 and 4, leading edge up; and tail fins No.
I and 3, leading edge to the right, looking upstream. It should be noted that the tail
fin dimensions used in the data reduction are those shown in Fig. 6. The moment reference
point (MRP) for the main balance data is located on the body centerline at 50 percent
of the model length, and the moment reference point for the fin data is the intersection
of the fin hinge line and the fin root chord.

The uncertainties associated with the measured tunnel conditions and aerodynamic
coefficients are not available for all the tests. In Tables 2 and 3 are presented the maximum
data uncertainties quoted in Refs. 1 and 3 for tests No. 1 and 6, respectively. In Tables
4, 5, and 6, the data uncertainties quoted in Ref. 2 for test No. 2 are presented.

12
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Complete tabulated data are presented in Appendixes A through G, and selected data
are presented in plotted form in Figs. 11 through 66. Indexes of the data are presented
in Tables 7 through 13. Also, brief discussions of the results of each test are presented
in Sections 3.2 through 3.8. The tabulated data, plots, indexes, and discussion are arranged
according to test numbers, as identified in Section 1.0.

The indexes list the configurations and the pertinent parameters for each test. The
configuration code corresponds to the body, wing, and fin designations of Figs. 3 through
6, with the addition of the notation BO, WO, and FO to denote absence of the body,
wings, or fins, respectively, for the particular configuration. For each test, the data are
indexed according to part number. A circled part number in Tables 7 through 13 indicates
that data for that part number are presented in plotted form.

The tabulated data presented in the Appendixes include complete data for all part
numbers listed in Tables 7 through 13. The data are ordered according to test number
and part number, and within each part number, point numbers are used. Reference should
be made to the Nomenclature for the definitions of the symbols. Values of coefficients
of 9.9999 are used in the tabulations to indicate deletions of erroneous data.

The plots presented in Figs. 11 through 66 were selected to show basic and typical
trends. For convenience and for comparison purposes, data for several part numbers are
presented on each page, and therefore, the index of figures, at the beginning of the report,
should be used to find plotted data of interest.

The data were machine plotted using a curve-fit fairing between data points for tests
No. 1 through 5 except for the splitter plate data of test No. 2 which were not faired.
Tests No. 6 and 7 data were machine plotted using straight-line fairings between data
points. It should also be noted that to improve the quality of production of the plots
several data points were deleted from the plots on all the tests. Additionally, all test
data, except splitter plate data of test No. 2, and all data of test No. 7, were symboled
on every fifth consecutive point. In the case of test No. 2 splitter plate data, only every
tenth consecutive point was plotted, and symboled, and in the case of test No. 7 every
tenth consecutive point was symboled. In some cases, particularly tests No. 6 and 7, the
curves have a rather random appearance because of the scatter and high density of the
original data points.

3.2 TEST NUMBER 1

Plotted data for test No. 1 are presented in Figs. 11 through 15, the tabulated data
are presented in Appendix A, and the part number summary is presented in Table 7.
In test No. 1, data were obtained on the main balance, the four tail fin balances, and
the splitter plate balance, but only the main balance data are presented in this report.

13
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The test was conducted in the AEDC-4T Tunnel at a nominal Reynolds number per
foot of 2.3 x 106. The Mach number range was from 0.8 to 1.3 and the angle-of-attack
range was from -3 to 32 deg. Roll angle was not varied and the tail fins were not deflected.
Twelve tail fin configurations were tested on the missile body, and body-alone data were
obtained for three body configurations.

The details of fixing transition on this test are unknown. In order to provide forebody
axial-force coefficients, pressures were measured at two locations at the base of the model
and averaged to yield the model base pressure. Some data analysis and additional plotted
data can be found in Refs. 1 and 4.

3.3 TEST NUMBER 2

Test No. 2 plotted data are presented in Figs. 16 through 23, the tabulated data
are presented in Appendix B, and the part number summary is presented in Table 8.
For test No. 2, data are presented for the main balance as well as the four tail fin balances
and the splitter plate balance.

The test was conducted in the AEDC-4T Tunnel at a nominal Reynolds number per
foot of 2.5 x 106, The Mach number range was from 0.80 to 1.30. There were five
tail fin configurations tested on the missile body and three tail fin configurations tested
on the splitter plate. The angle-of-attack range for the missile was from -2 to 30 deg
with the tail fins undeflected throughout the test. The angle-of-attack range of the tail
fins mounted on the splitter plate was from O to 210 deg.

In addition, a Reynolds number study was conducted using the missile body without
tail fins and with tail fins and longitudinal transition strips. With the finned missile
configuration, data were obtained with 1/8-in.-wide, No. 60 Carborundum® grit strips along
the length of the constant diameter section of the missile body (aft of the missile nose
section) equally spaced between the fins on the lee side of the model (Fig. 2¢). During
this study, the Reynolds number per foot was varied from 0.3 x 106 to 4.9 x 106 at
a Mach number of 0.59.

The pressure was measured at two locations at the base of the missile body and
averaged to yield the model base pressure. Some data analysis and additional plotted data
can be found in Ref. 2.

34 TEST NUMBER 3

Test No. 3 plotted data are presented in Figs. 24 through 27, the tabulated data
are presented in Appendix C, and the part number summary is presented in Table 9.
For test No. 3, data are presented for the main balance only.

14
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The test was conducted in the LRC-UPWT at a nominal Reynolds number per foot
of 3.0 x 106 except as noted. The Mach number was varied from 2.36 to 4.63 and the
angle of attack was varied from 4 to 24 deg at model roll angles of O and 45 deg. The
tail fin deflections were 0 and 20 deg for tail fins No. 1 and 3 and O and -20 deg for
tail fins No. 2 and 4. There were three tail fin configurations and one wing configuration
tested. In addition, data are presented for the case of the tail fins removed.

For all the data, transition was fixed with a 1/l 6-in.-wide strip of No. 40 sand located
1.2 in. aft of the body nose and 0.4 in. streamwise aft of the tail fin and wing leading
edges.

The model cavity pressure was measured and used for the base pressure. In addition,
the model orientation was corrected for tunnel flow angularity.

3.5 TEST NUMBER 4

Test No. 4 plotted data are presented in Figs. 28 and 29, the tabulated data are
presented in Appendix D, and the part number summary is presented in Table 10. For
test No. 4, data are presented for the main balance only.

The test was conducted in the LRC-UPWT at a nominal Reynolds number per foot
of 3.0 x 106 except where noted. The Mach number range was from 2.36 to 4.63 and
the angle-of-attack range was from -5 to 22 deg at model roll angles of 0 and -90 deg.
The tail fin angle deflections were O and 20 deg for tail fins No. 1 and 3 and 0 and
<20 deg for tail fins No. 2 and 4. There were six tail fin configurations tested.

For all the data, transition was fixed with single-spaced No. 40 sand particles located
1.2 in. aft of the model nose and 0.4 in. streamwise aft of the tail fin leading edges.
The pressure was measured at two locations at the base of the missile body and averaged
to yield the model base pressure. Also the pressure in the model cavity was measured.
The base and cavity pressures were used to compute the forebody axial-force coefficient.
In addition, the model orientation was corrected for tunnel flow angularity.

3.6 TEST NUMBER 5

Test No. 5 plotted data are presented in Figs. 30 through 32, the tabulated data
are presented in Appendix E, and the part number summary is presented in Table 11.
For test No. 5, data are presented for the tail fin configurations mounted on a splitter
plate.

The test was conducted in the LRC-UPWT for a Mach number range from 1.50 to
2.16 and an angle-of-attack range from -6 to 28 deg. Ten tail fin configurations were
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tested on the splitter plate. For all the data, transition was fixed with a 1/16-in.-wide
strip of No. 60 sand located 0.4 in. streamwise aft of the fin leading edge.

3.7 TEST NUMBER 6

Test No. 6 plotted data are presented in Figs. 33 through 38, the tabulated data
are presented in Appendix F, and the part number summary is presented in Table 12.
For test No. 6, data are presented for the main balance as well as the four tail fin balances.
It should be noted that C4, and Cap were not available from test No. 6.

The test was conducted in the NSRDC 7 X 10 tunnel at the nominal Reynolds number
per foot of 1.7 x 106, The Mach number was varied from 0.85 to 1.10. The angle of
attack was varied from -3 to 31 deg and the sideslip angle from -20 to 20 deg. There
were three tail fin configurations and three wing configurations tested. The deflections
for tail fins No. 1 and 3 were 0, 10, 20, and 30 deg. Tail fins No. 2 and 4 were not
deflected. In addition, body-alone data were obtained.

Transition was fixed, as noted in Ref. 3, with No. 90 grit located 1.0 in. aft of
the tail fin and wing leading edges. Some data analysis and additional plotted data can
be found in Ref. 3.

3.8 TEST NUMBER 7

Test No. 7 plotted data are presented in Figs. 39 through 66, the tabulated data
are presented in Appendix G, and the part number summary is presented in Table 13.
For test No. 7, data were obtained on the main balance as well as the four tail fin balances.

The test was conducted in the NSRDC 7 X 10 tunnel at a nominal Reynolds number
per foot of 1.7 x 106. The Mach number range was from 0.80 to 1.10 and the
angle-of-attack range was from -6 to 60 deg at model roll angles of O and 45 deg. The
deflections for tail fins No. I and 3 were zero, and the deflections for tail fins No. 2
and 4 were 0, -10, -20, and -30 deg. There were seven tail fin configuations tested on
the missile body configuration. In addition, body-alone data were obtained.

Whether or not the transition was fixed on this test is unknown. Base pressure
measurements were obtained.
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a. Test No. 1, front quarter view
Photographs of model installation in Tunnel 4T.
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a. Tail fin configurations F11 through F23
Figure 5. Photographs of model tail fin configurations.
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F11 0.04883 0.5 |1.875|1.0 | 0° 0.800 (3.750(0.800 | 3.75011.687]0.140
F12 0.05492 | 1.0 [2.812| 0 [63°26'{1.172| 0 |1.140 | 5.6253.487|0.187
F13 0.05488 | 1.0 |2.812|0.5 | 33°41' | 1.158 | 1.873| 1.140 | 3.747 |2.061|0.187
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F16 0.05491 [ 1.0 |2.812|1.0| 0° |0.800|2.812/0.800 | 2.812 |1.265]0.140
F21 0.02439 | 1.0 {1.874{1.0| 0° |0.696|1.87410.6% | 1.874 |0.843]0.125
F22 0.02441 | 1.0 |1.875| 0 [63°26'| 0.728| O |0.694 | 3.750 |2.325]0.125
F23 0.02505 | 1.0 |1.875] 0.5 | 34°22' | 0.713|1.282{0.694 | 2.565 [1.411]0.125
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F36 0.09764 | 0.25]1.875| O | 82°52'| 1.682| 0 |1.587 |14.998 [9.298]0.250

Note: Dimensions of the Tail Fin Configurations from the Original
Model Drawings.

Figure 6. Dimensions of the tail fin configurations.
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Figure 18. Test No. 2, comparison of aerodynamic coefficients of
configurations BOWOF 14, BOWOF11, and BOWOF36 at

M_=0.8.
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Figure 19. Test No. 2, comparison of aerodynamic coefficients of
configurations BOWOF 14, BOWOF 11, and BOWOF36 at

M_ = 0.92.
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Figure 20. Test No. 2, comparison of aerodynamic coefficients of
configurations BOWOF 14, BOWOF11, and BOWOF36 at

M_ = 0.98.
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Figure 21. Test No. 2, comparison of aerodynamic coefficients of
configurations BOWOF 14, BOWOF11, and BOWOF36 at
M =11
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Figure 22. Test No. 2, comparison of aerodynamic coefficients of
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Figure 24. - Test No. 3, comparison of aerodynamic coefficients of
configuration BIWOF35 at roll angles of O and 45 deg.
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Figure 24. Continued.
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Figure 25. Test No. 3, comparison of aerodynamic coefficients of
configuration BIWOF33 at roll angles of 0 and 45 deg.
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c. CA versus a
Figure 25. Continued.
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Figure 25. Continued.
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Figure 25. Concluded.
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Figure 26. Test No. 3, comparison of aerodynamic coefficients of
configuration B1WOF34 at roll angles of 0 and 45 deg.
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Figure 26. Continued.



AEDC.TR-75-125

TEST CENTER LRC TEST 3

CONF L DEL1 OEL2 DEL3 DELY PHI

© BIWOF3Y 0 0 0 0 0 0
@ BIWOF3Y 0 0 0 0 o 4S

1.0
cA

0.4 1P

0.2

M=2.36

2.86 _ia

3.95,

4063 0

-8 -4 0 4 8 12 16 20 a4 28 32

«

c. CA versus a
Figure 26. Continued.

124



AEDC-TR-75-125

TEST CENTER LRC TEST 3

CONF L DEL! DEL2 DEL3 DELY PHI

© BIWOF¥ 0 O 0 O 0 O
B BIWOF¥ 0 0O O 0 0 uS

1.0
CAB

0.“

0.2

Q

&220 36 0

2.86 ¢

3,954 \

leao

-OIZ

d. CAB versus a
Figure _26. Continued.

125



AEDC-TR-75-125

TEST CENTER LRC TEST 3

CONF L DEL! DEL2 DEL3 DELY PHI

© BIWOF3Y 0 0 0 0 0 0
B BIWOF3Y 0 0 0 0 0 45

CAF

0.6

nl“

0.2

M.=2.36 0

20860

31950

e. CAF versus a
Figure 26. Continued.

126



AEDC-TR-75-125

TEST CENTER LRC TEST 3

CONF L DEL! DOEL2 DEL3 DELY PHI

© BINOF3Y 0 0 0 0 0 o
@ BIWOF3Y 0 0 o o o 4s

cY

M.=2.36 0 == —M

2.86 ¢ Py

3.95,

f. CY versus a
Figure 26. Continued.



AEDC-TR-75-125

TEST CENTER LRC TEST 3

CONF L DEL! OEL2 DOEL3 DELN PHI
© BIWOF3Y 0 o o 0 o 0
B BIWOF3Y 0 0 0 0 o 4s
4
CLN
2
Me=2.36 g N
3.95¢ -
-2
-4

g. CLN versus a
Figure 26. Continued.

128



AEDC-TR-75-125

TEST CENTER LAC TEST 3

CONF L DEL! DEL2 DELI DELY PH]

© BIWOF3Y 0 0 0 0 0 0
O BIWOF3Y 0 0 0 0 0 4sS

0.4
CLL

0.2

M=2.36 ¢

2.86 ¢

3.95 o

h. CLL versus a
Figure 26. Concluded.

129



AEDC-TR-75-125

TEST CENTER LRC TEST 3

CONF L OEL1 OEL2 DEL3 OELY PHI
© BIWIF4 1S5.42 O 0 e 0 0
8 BIWIFO 15.42 OFF OFF OFF OFF 0
A  BIKOFO 0 OFF OFF OFF OFF 0

12
CN
10
i y
6
pAND i
"4
Y
2 s o 4
- PradPdly:
—~ P .
m=2.360 '——‘/ <
o ,/L P
L~
_
=g
2.86, — - i,/ﬁ’
A A
T A
1 a1
4.63 ¢ = ]
-2

-8 -4 0 4 8 12 16 20 au 28

[« 4

a. CN versus a
Figure 27. Test No. 3, comparison of aerodynamic coefficients of
configurations BiW1F34, B1W1F0, and BTWOFO.
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Figure 27. Continued.
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Figure 27. Continued.
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